Cassava pulp contains a lot of starch, but low amounts of protein and high fiber content which limits its use as a feedstuff for broilers. However, fermentation of this pulp with Aspergillus oryzae (A. oryzae) to improve its protein content may increase its usefulness in broiler diets. Therefore, two experiments were conducted to evaluate the potential use of fermented cassava pulp (FCP) in broilers. In experiment 1 the effects of FCP on nutrient digestibility and retention were studied. FCP was prepared using cassava pulp fermented with A. oryzae and urea for 4 days. Forty-nine fifteen-day old male chickens were placed in individual cages and assigned randomly to one of 7 dietary treatment groups (one control and six FCP: 40, 80, 120, 160, 200 and 240 g/kg) for 10 days. The results indicate that nutrient digestibility and retention decreased with increasing levels of FCP (P＞0.05), but the decrease was not significant at dietary levels below 160 g/kg. Experiment 2 studied the effect of FCP in broiler diets on growth performance, carcass quality and blood biochemistry. Two hundred and seventy one-day old male chicks were randomly distributed to 6 dietary groups (one control and five FCP: 40, 80, 120, 160 and 200 g/kg) for 42 days. The results show that FCP could be used as an energy source with inclusion levels up to 160 g/kg in broiler diets having no effect on growth performance, carcass composition, meat color or blood biochemistry (P＞0.05). Moreover, it was found that FCP had no detrimental effects on the aspartate aminotransferase (AST) and alanine aminotransferase (ALT) of broilers (P＞0.05). In conclusion, FCP can be used in broiler diets up to 160 g/kg without detrimental effects on nutrient digestibility and retention, growth performance, carcass quality or blood biochemistry.
Introduction
Thailand and Vietnam are the world's major exporters of cassava starch, with total production accounting for 93% of the global supply. As cassava starch production increases, a large volume of waste by-product is also generated. Cassava pulp is the solid, moist by-product of cassava starch manufacture and comprises approximately 10-15% of the original root weight. Thailand is currently the world leading exporter of cassava starch. Its increasing productivity will soon reach 4 million tons per annum. Cassava pulp contains starch, ash, crude protein (CP), crude fiber (CF) and ether extract (EE) of approximately 535.5, 28.3, 19.8, 135 .9 and 1.3 g/kg, respectively on a dry matter (DM) basis (Khempaka et al., 2009) . The high starch content of cassava pulp would make it a useful alternative energy source for poultry feedstuff. Its extremely low protein and high fiber content may be the main factors that currently limit its use in poultry feed. Khempaka et al. (2009) reported that although dried cassava pulp can constitute up to 80 g/kg of broiler diets, the higher levels result in decreased growth performance and nutrient digestibility. Chauynarong et al. (2009) also reported that the major limitation of using cassava root meal in animal feed is its low protein content and deficiency in essential amino acids. Therefore using microorganism fermentation to improve the nutritive value of cassava pulp by increasing its protein content should make it more useful in broiler diets.
Yeast and fungi are microorganisms commonly used in feedstuff fermentation processes. In previous studies, the fermentation of cassava with Saccharomyces cerevisiae and Aspergillus niger (A. niger) was found to increase the protein content from 44 to 109 g/kg, and 44 to 122 g/kg, respectively (Oboh et al., 2002; Oboh and Akindahunsi, 2003) . Thongratok et al. (2010) evaluated the optimal conditions for improving the protein content of cassava pulp and found that treating this waste product with Aspergillus oryzae (A. oryzae) and 7.5 g/kg urea for 4 days can improve the protein and amino nitrogen content from 25.9 and 8.9 g/kg (unfermented) to 174 and 151.3 g/kg, respectively.
Accordingly this experiment aimed to study the effect of fermented cassava pulp (FCP) in broiler diets on the nutrient digestibility and retention, growth performance and carcass quality of broilers. In addition, the alanine aminotransferase (ALT) and aspartate aminotransferase (AST) enzymes were also measured to be used as an indicator of the toxicity of urea, which is used as a nitrogen source during the fermentation of cassava pulp.
Materials and Methods
All experiments were conducted according to the principles and guidelines approved by the Animal Care and Use Committee of Suranaree University of Technology.
Microorganism and Inoculation Preparation
Fresh cassava pulp, obtained from the Korat Flour Industry Co., Ltd, Nakhon Ratchasima, Thailand, was used in this study. A. oryzae (3019), obtained from the Thailand Institute of Scientific and Technological Research (TISTR), was maintained on a Potato-Dextrose-Agar (PDA) medium (HiMedia, Mumbai, India). The microbial slants were grown at 30℃ for 3 days and stored at 4℃. Prior to the inoculation of microorganisms into the substrate, the spores of A. oryzae were dislodged from the PDA slant culture using 0.85% NaCl under sterile conditions for further use in preparation of the bulk A. oryzae starter.
About 1,000 g of rice was soaked in water for 1 hour and autoclaved at 121℃ for 15 minutes then allowed to cool on a tray. Then, 100 ml of the stock solution, A. oryzae, was mixed thoroughly with the steamed rice which was subsequently spread on the tray and covered with aluminum foil, incubated for 4 days and then dried for 2 days, and ground down and passed through a 1 mm sieve. The inoculation starter was counted by the colony counting method. The bulk starter thus obtained was then used to ferment the cassava pulp.
Cassava Pulp Preparation for Further Used as a Feedstuff in Broiler Diets
The fermentation method was slightly modified from Thongratok et al. (2010) . About 50 kg of fresh cassava pulp was put into a plastic bag and autoclaved at 121℃ for 15 minutes then allowed to cool in a plastic fermentation bucket, 58 cm diameter x 107 cm high. Then, 10 g/kg A. oryzae starter (1.56×10 6 CFU/g) and 7.5 g/kg urea were thoroughly mixed with the steamed cassava pulp. The calculations of A. oryzae and urea concentrations were expressed on the basis of cassava pulp fresh matter (790 g moisture/kg of material). Therefore, 10 g/kg of A. oryzae and 7.5 g/kg urea were equal to 47.5 and 35.6 g/kg of A. oryzae and urea on DM basis, respectively. The fermentation products were turned daily and incubated for 4 days. They were then dried in a hot air oven at 55℃ for 2 days, and subsequently ground to pass through a 1.0-mm mesh sieve. Prior to diet formulation, proximate components, calcium (Ca) and phosphorus (P) were analyzed following AOAC (1990) methods. Cyanide and total aflatoxin (B 1 , B 2 , G 1 and G 2 ) contents were analyzed using pyridine pyrazole (O'Brien et al., 1991) and ELISA techniques (El-Nakib et al. 1981) , respectively. Urea content was determined using the spectrophotometric method (AOAC, 1990) . The amino acids were determined by RP-HPLC according to the Waters AccQ. Tag method (Millipore Co-Operative, Milford, MA, USA) following hydrolysis in 6 M HCl for 16 hours at 110℃, as described by Hughes et al. (2002) . The true metabolizable energy (TME) value was determined using the methodology established by Sibbald (1976) . The chemical compositions of the resulting dried cassava pulp and FCP are shown in Table 1 .
Experiment 1
The purpose of this trial was to evaluate the effect of various levels of FCP on nutrient digestibility and retention in order to further select the optimum levels of FCP to test in experiment 2. Seven experimental diets (one control, and six FCP: 40, 80, 120, 160, 200 and 240 g/kg) were formulated to similar levels of calculated metabolizable energy (ME) and crude protein (CP) (Table 2), in which FCP replaced maize in the control. All other nutrients were formulated to meet or exceed the minimum NRC (1994) requirements for broiler chickens. The amino acid content of all experimental diets was formulated based on the digestible amino acid of feedstuff.
One-day-old male broiler chicks (Arbor Acres) were purchased from a commercial hatchery and placed in an opensided naturally ventilated broiler house using a daily photoperiod of 24 hours light. Birds were housed in concrete floor pens with rice husk as bedding material equipped with a tray feeder and manual drinker. At eleven days of age, 49 broiler chicks were weighed and placed in individual cages (20×37 ×45 cm). After a three-day adaptation period, all chicks were randomly allotted to an experimental diet (7 birds per diet) for 10 days (from 15 to 25 days of age). All birds were fed starter diets in mash form (Table 2 ). Feed and water were provided ad libitum throughout the experimental period.
Excreta were collected on experimental days 7 to 10 (22 to 25 days of age) and body weight (BW) and feed intake (FI) were measured daily. The excreta were sprayed with 5% HCl and dried at 55℃. Dried excreta were stored at −20℃ for later analyses. Dry matter, organic matter (OM) and nitrogen in diets and excreta were measured to assess their digestibility and retention according to standard methods (AOAC, 1990) .
Experiment 2
This trial aimed to investigate the effect of FCP supplementation at various levels on the growth performance and carcass traits of broilers. A total of 270, one-day old male broiler chicks (Arber Acres) of uniform weight were randomly divided into six groups of forty five chicks each and three replicates of 15 chicks. The birds were reared in an Journal of Poultry Science, 51 (1) open-sided naturally ventilated broiler house, in floor pens (1.25×2 m) on rice husk, and using a daily photoperiod of 24 hours light. Each pen was equipped with 1 tray feeder and 1 manual drinker. At 7 days of age, the tray feeder was replaced with a round bottom feeder. The rice husk was turned daily to protect against ammonia production in the housing. The birds were vaccinated for Newcastle disease at 7 days of age and for Gumboro disease at 14 days of age. The experiment was a Completely Randomized Design with 6 experimental treatments (one control and five FCP diets), as follows: control, and 40, 80, 120, 160 and 200 g/kg FCP. All diets were formulated to similar levels of calculated ME and CP (Table 3) based on Tables by NRC ( 1994) . All birds received starter and finisher diets in mash form from 0 to 21 d and 22 to 42 d of age, respectively. Diet and water were provided ad libitum throughout the experimental period. BW, FI and FCR were determined for each pen at 7, 14, 21, 28, 35 and 42 days of age.
At the end of the experiment, blood samples were collected from the birds' wing veins and allowed to clot in polypropylene tubes for 2 hours at room temperature. The tubes were centrifuged at 1,000 g, 4℃, for 15 minutes, and the supernatant was removed and stored at −20℃ until analysis. The ALT and AST enzymes were determined spectrophotometrically using a Reflotron system (Roche Diagnostics Corporation, Indianapolis, Indiana, U.S.A.). In addition, 2 birds from each pen were starved over night with access to water and sacrificed by exsanguinations. Carcass traits and the weights of the small intestines, hearts, livers, spleens, proventriculus, gizzards, gallbladders and abdominal fat and the lengths of the small intestines were measured. Subsequently, the carcasses were chilled at 4℃ for 24 hours and measured for their color by using a CR-300 Minolta camera (Minolta Camera, Co., Ltd., Osaka, Japan). The meat and skin colors of breasts and thighs were measured three times on each sample. The carcasses were divided into breast, thigh, drumstick, fillet and wing and each weighted to calculate their percentage eviscerated carcass weight.
Statistical Analysis
The data were analyzed as a Completely Randomized Design by ANOVA and using SPSS version 13.0 (SPSS, 2004 ). Significant differences among treatments were assessed by Duncan's new multiple range test. The effects of increasing FCP and control diets were partitioned into linear, quadratic, cubic, quartic and quintic components using polynomial trend analysis. A significance level of P＜0.05 was used. Khempaka et al.: Fermented Cassava Pulp 
Results

Nutrient Composition of Fermented Cassava Pulp
The results of the chemical analysis of FCP, presented in Table 1 , reveal that cassava pulp fermented with A. oryzae improves nutritional value, especially CP and true protein contents approximately 118.2 and 80.50 g/kg, respectively. Total aflatoxin (B 1 , B 2 , G 1 and G 2 ) was not detected. Urea remained in FCP 13.11 g/kg. Cyanide content was present in low volumes, in both the dried cassava pulp and FCP.
Experiment 1
The nutrient digestibility and retention of broilers were decreased with increasing levels of FCP (Table 4) . A decline of these parameters was observed in the 200 and 240 g/kg FCP groups (P＜0.05). Overall, the nutrient digestibility and retention of broiler fed diets containing FCP up to 160 g/kg were comparable to broilers fed the control diet.
Experiment 2
The results of FCP supplementation at various levels on broiler growth performance is shown in Table 5 . At 0-21 days of age, the BW, FI and FCR of broilers fed FCP diets were not significantly different compared to the control diets. At 0-42 days of age, the broiler groups fed with FCP had lower BW and FI and higher FCR than the control group (P ＜0.05). Overall, FCP use of up to 160 g/kg had no effects on BW, FI and FCR (P＞0.05).
The percentages of eviscerated carcasses and giblets of broilers fed on FCP was not different from the control (P＞ 0.05). The proportions of breast, fillet, thigh, drumstick, wing, abdominal fat and thigh and drumstick meat were similar to those of eviscerated carcasses and giblets. Moreover, FCP also produced no effects on the lightness (L* value), redness (a*value) and yellowness (b*value) of breast and thigh, meat and skin (P＞0.04) as shown in Table 6 . The effect of FCP supplementation in diets on the weights and lengths of small intestines were not different among treatments (P＞0.05) ( Table 7) . These results were similar to the weights of visceral organs such as heart, spleen, proventriculus, gizzard and abdominal fat which showed no differences (P＞0.05). However, it was found that broilers fed on FCP up to 200 g/kg had higher liver weights than the broilers fed control and 40-160 g/kg FCP diets (P＜0.05).
In the case of blood biochemistry which is shown in Table  8 , it was found that the activities of AST and ALT enzymes did not show any difference among treatments (P＞0.05). The AST and ALT values of all treatments ranged between 300.72 to 358.60 and 12.25 and 18.80 U/l, respectively.
Discussion
This study found that feeding broilers with FCP up to 160 g/kg did not influence nutrient digestibility and retention when compared with the control treatment containing no FCP (experiment 1), but it had a negative influence above 160 g/kg. This phenomenon would be due to the high fiber content of FCP (106 g/kg), the consumed amount increasing with increasing inclusion levels of FCP, which consequently have negative effects on nutrient digestibility and retention. Jørngensen et al. (1996) also reported the lower nutrient digestibility of broilers receiving high fiber diets. Khempaka et al. (2009) used regular dried cassava pulp in broiler diets and found that only up to 80 g/kg of it can be included in the diets. FCP can be included in broiler diets at higher levels, compared to regular dried cassava pulp, without affecting nutrient digestibility and utilization; this would be due to FCP having a higher protein content via the microbial fermentation process (118.2 g/kg). In addition, during the fermentation process, fresh cassava pulp was prepared using steam sterilization in an autoclave and this technique could have eliminated bacterial contamination. The starch structure of FCP may also hydrolyze into short chain polysaccharides and improve the ability of the endogenous digestive enzyme to act on the substrate. This would result in an improvement in nutrient digestion and utilization compared to regular dried cassava pulp. When FCP was used to examine the growth performance of broilers in experiment 2, it was found that the FCP use of up to 160 g/kg had no effects on BW, FI and FCR. These results are consistent with the nutrient digestibility and retention values obtained in experiment 1. Therefore, it suggests that FCP can be used in broiler diets at higher volumes than regular dried cassava pulp, which can only be used at 40-80 g/kg (Khempaka et al., 2009) . The reduction of growth performance in broiler groups, which received FCP at levels of up to 200 g/kg, may reflect the physical capacity limit of the gastrointestinal tract and hence a reduction in FI, since it was observed that broilers fed on 200 g/kg or more tended to growth reduction as a result of insufficient nutrient intake. Moreover, the high inclusion rate of FCP in diets may represent bulkiness, dustiness and low palatability. However, this problem could be resolved by pelleting the feed, a well known method of overcoming such problems, and also of protecting the feed particles separately, consequently ensuring an optimal FI which meets the nutrient need of poultry. Feeding broilers with cassava diets has revealed that when cassava was provided in mash form, at all levels, poorer growth and feed conversions were obtained, but similar performance to control diets was obtained when the diets were pelleted (Muller et al., 1974; Oke, 1978) . It is noted that FCP contains higher protein, thus it is most likely that FCP can more readily replace or reduce the maize or other expensive energy sources in diets compared to regular dried cassava pulp, which has a low protein content (approximately 19.8 g/kg) (Khempaka et al., 2009) .
In the present study, the use of FCP did not have detrimental effects on eviscerated carcasses, giblets and meat proportions such as breast, fillet, thigh, drumstick, wing and abdominal fat and thigh and drumstick meat. However, Khempaka et al. (2009) demonstrated that the use of higher levels of cassava pulp in diets can reduce abdominal fat and increase the gizzard weight of broilers. The authors hypothesized that this may be the result of the high fiber content of cassava pulp (135.9 g/kg) inhibiting fat synthesis in the liver and abdominal tissue, and also that the function of the gizzard grinding fiber, resulted in increased weight. However, these studies found no such differences, because all the dietary treatments were formulated to balance the nutrients, and meet the requirements of birds. As a result, broiler carcass characteristics were not significantly different. In addition, this is most likely due to the fact that the fiber component of FCP may be hydrolyzed into short chains by A. oryzae during the fermentation process, and thus reduces the grinding activity of the gizzard. Hetland (2005) reported that coarse insoluble fiber is difficult to grind and consequently increases the gizzard size.
Although FCP had no significant effects on the weights and the lengths of the small intestines and visceral organs, a significantly higher liver weight was found in broilers fed on FCP up to 200 g/kg compared to the broilers fed control and 40-160 g/kg FCP diets. The detrimental effect of FCP on liver weight may be due to the toxicology of the urea used as a nitrogen source during the fermentation process. Urea is composed of high nitrogen content (460 g/kg N) but this compound is classified as a non protein nitrogenous (NPN) substance, which could be toxic to monogastric animals if received in high dosages. In previous studies, feeding urea at a level of 10 g/kg revealed well documented growth performance and carcass traits in broilers, (Pervaz et al., 1996) , on the other hand, levels beyond 40 g/kg had negative effects on health and growth performance (Javed et al., 1995; Pervaz et al., 1996) . Shahzad et al. (2012) also indicated that the use of 10 g/kg urea was safe on the basis of data on BW gain, carcass weight and histopathology. The FCP used in this study was composed of approximately 13.11 g/kg urea (asfed basis, 943.9 g DM), so when using this pulp at levels of 200 g/kg the urea residue in diets still remains at only 2.62 g/kg. In addition, although previous studies have found detrimental effects on growth performance reduction of feeding 40 g/kg urea alone (Javed et al., 2002) , or in combination with 2 g/kg of CuSO 4 (Shahzad et al., 2012) , they found no significant differences in liver weight. Therefore, the reasons for the abnormal liver weight found in this study are not clear. The metabolic mechanism of urea in chickens has been proposed in previous studies, dietary urea is rapidly absorbed into the blood from the upper intestine, transported by the circulation system and excreted in urine (Karasawa, 1989a, b) , therefore, poultry can eliminate urea from their bodies if received in low dosages. For the further practical use of FCP, it will be important to design a fermenter tank which can produce FCP in larger volumes and also to develop a special technique to reduce the urea residue.
Feeding broilers at various levels of FCP showed no significant effects on the lightness (L*value), redness (a*value) and yellowness (b*value) of breast and thigh, meat and skin. This would be due to the fact that all the experimental diets were formulated using maize, soybean meal and full fat soybean meal, and that all these feedstuffs contain pigmentation Khempaka et al.: Fermented Cassava Pulp substances. Xanthophylls and lutein were found to be in maize in approximate amounts of 17 and 0.12 mg/kg, respectively (NRC, 1994) . However, because FCP is deficient in carotene, its practical use should take this factor into consideration when formulated with other feedstuffs that also lack pigmentation substances.
In considering the use of FCP as a potential alternative feedstuff, we have to consider and be aware of all the factors that make it worthwhile. Since the cassava pulp is fermented and kept in unsterile conditions, it might become contaminated with other fungi, producing aflatoxins during the fermentation process, and thus be harmful to animals. However, the analysis results showed no aflatoxin contamination in either dried cassava pulp or FCP. This confirmed the previous studies which reported that cassava products are unlikely to be a source of aflatoxin like maize and groundnuts (Muzanila et al., 2000; Gnonlonfin et al., 2012) . Gnonlonfin et al. (2011) reported that scopoletin, accumulated in cassava chips, has the potential to inhibit aflatoxin production. In addition, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were also analyzed to determine the toxicology of liver. No differences in the activities of AST and ALT were found among the treatments. In this study, the AST and ALT values of all treatments ranged between 300.72 to 358.60 and 12.25 and 18.80 U/l, respectively. The normal range of AST and ALT in most birds is between 52-270 and 6.5-263 U/l, respectively (Coles, 2007) . These values can vary considerably according to animal species, sex, age and the environment (Coles, 2007) . Although the AST value in this study was higher than the normal range, no significant differences among treatments were found. Other researchers have also reported a high AST value in broilers, with varying results according to dietary energy density, amino acid content and age but under normal health status conditions (Corduk et al., 2007; Silva et al., 2007; Emadi et al., 2010; Azadmanesh and Jahanian, 2012) . Thrall et al. (2004) reported that an activity of AST greater than 800 U/l indicated a sign of severe liver damage. ALT is a more specific criterion of liver disorder than AST since the liver is the main tissue producing ALT while AST is produced by a variety of tissues (King, 1965) . It was found that ALT enzyme values were not different among treatments and the values were in the normal range for poultry. Therefore, this suggests that FCP can be used in broiler diets without caus- Fermented cassava pulp (g/kg) In conclusion, the fermentation of cassava pulp with A. oryzae can improve the CP content, thus making it possible for use in high inclusion levels. FCP can be used as part of the energy source in broiler diets at levels up to 160 g/kg without affecting nutrient digestibility, growth performance, carcass quality or blood biochemistry.
